INTRODUCTION
There are some inherent problems associated with the use of basic catalysts in transesterification of oils and fats in biodiesel production [3] .These include additional inputs in terms of soap removal solvents, and energy inputs in terms of higher temperatures. Some of these steps may also not be environment-friendly. Although, use of heterogeneous catalysts may have some advantages [4] [5] , their disadvantages are also many, like high alcohol to oil molar ratio (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , high temperature (120-200 0 C) and a very long reaction time of 3-8 hours [6] . Addition of co-solvents in the reaction medium is also an alternative approach which has been shown to enhance the reaction rates, as well as increasing the solubily and mass transfer between oil and methanol [7] [8] .
Tetrahydrofuran (THF) was chosen as a co-solvent as it possesses several advantages. THF has the ability to dissolve organic compounds at the hydrophobic side as well as bind water and alcohol on the hydrophilic side [9] . It is a non-hazardous and unreactive chemical with a low boiling point (67 0 C). Further, THF is cheap and can also be codistilled and recycled at the end of the reaction process.
Co-solvent transesterification of various edible and nonedible vegetable oils as well as animal fats has been investigated .Biodiesel production from Waste Cooking Oil(WCO) with this co-solvent has also attracted attention in the recent past as this feedstock has enormous potential in future [1] . THF-assisted biodiesel production has shown promising results with reference to improvement in transesterification efficiency [10] [11] [12] [13] .
There is a difference in the physicochemical properties of refined vegetable oils and the waste cooking oils. Moreover WCOs from different regions also differ in their viscosity, density and saponification values and free fatty acid composition [14] .Keeping this variation in mind, present investigations were carried out on waste cooking oil samples collected from restaurants in South Delhi, with an objective to ascertain optimal reaction conditions for THFassisted methyl ester production.
MATERIALAND METHODS
Waste cooking oil (WCO) was procured from the restaurants and eateries in South Delhi. The oil was subjected to experimental analysis for various physicochemical properties already outlined by Chauhan et al [1] . Since the free fatty acid content of this feedstock was < 0.2, no acid catalyst was required. The basecatalyzedtransesterification reaction was carried out in a round-bottomed flask fitted with a magnetic stirrer. The reactor comprised pre-heated waste cooking oil, methanol, sodium methoxide catalyst and THF as a co-solvent. The process variables were optimized as a) Catalyst concentration, b) alcohol to oil molar ratio, c) THF concentration, d) Reaction time, e) Reaction temperature, and f) Glycerol recovery.
The Gas Chromatographic analysis of WCO-biodiesel was conducted to identify and quantify the FAME composition as per the already standardizedprotocol [2] .
RESULTSANDDISCUSSION
The physico-chemical properties of waste-cooking oil were investigatedby us earlier (Chauhan et al 2014 [1] . In the present study, addition of THF resulted in a slight reduction in the oleic acid methyl ester content (46.75%). Table 1 illustrates the fatty acid composition profile of biodiesel produced from present WCO samples. 
EFFECT OF CATALYST CONCENTRATION ON BIODIESEL YIELD
The catalyst (sodium methoxide) concentration was varied from 0.5 to 0.9% (w/v of oil) keeping the other variables constant. Best catalytic concentration was found to be 0.6% where maximum recovery (62.5%) and conversion of oil to methyl ester (92.8%) were recorded. Increasing the catalyst concentration resulted in a gradual decline in both conversion as well as recovery (Table 2 ). This decline could be attributed to an increase in viscosity and soap formation which causes difficulty in separation of biodiesel from glycerol [15] .
THF to Oil Ratio-4%, Reaction Temperature-50 0 C, Methanol to oil molar ratio-6:1
Fig. 1. Effect of catalyst concentration on biodiesel yield

EFFECT OFMETHANOLTO OIL MOLAR RATIO
Effect of this important parameter was studied by using different methanol to oil molar ratios ranging between 5:1 and 9:1. Best results for recovery (68.3%) and conversion of WCO into its methyl ester (92.8%) were obtained at 6:1 methanol to oil molar ratio (Table 3) . Values of both these sub-parameters declined as the methanol to oil ratio was increased beyond 6:1, which inhibited the catalyst active center. Since transesterification is an equilibrium-limited 
EFFECT OF THF, REACTION TIME AND TEMPERATURE ON YIELD
Effect of THF concentration on biodiesel production at varying temperature revealed maximum yield at 50 0 C using 4% cosolvent (Table 4) . Higher reaction temperature range was required (65 0 C) for a similar catalytic conversion without THF. Also, a much longer time period (3h) was needed to convert the waste oil stock feed to biodiesel [1] . 
3.4EFFECT OF THF AND TEMPERATURE ON GLYCEROL RECOVERY
Glycerol recovery(measured in terms of weight) at different temperature regimes was studied with respect to THF. Maximum recovery of glycerol(18.62%) was recorded at 50 0 C using 2% co-solvent. Increasing the concentration of THF to 4% and temperature to 60 0 C resulted in a decline in glycerol yield (Table 5) .
Fig. 4. Effect of THF concentration and temperature on glycerol recovery
CONCLUSIONS
These results indicate that THF accelerates the transesterification reaction and augments the conversion of triglycerides at lower temperature, requiring lesser concentration of catalyst. Similar results have been obtained in cottonseed oil [16] , colza oil [17] ,rice bran oil [18] and chicken fat [19] . This makes THF as one of the most preferred green, clean and cheap adjunct for the biodiesel industry. 
